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Zazen is one of several meditation technics that pretends to reach
calmness, reducing interference, and controlling awareness practiced
by many people in the world. Zazen practitioners claim that a natural
sense of wellbeing, spontaneous joy and self-fulfilling is achieved with
its practice. Neuroscientific evidence shows that important modifications
in the neuronal electric activity with compromise of several brain
structures has been observed, especially those that are involved in
modulation of attention. Our laboratory was interested to study the
possible behavioural effects of a short time zazen practice to a group of
secondary students of public or private high schools, with no previous
training in any meditation technics. Two groups, 15–17 years old coursing
the 4th or 5th year of their secondary study, one receiving zazen training
(n = 31), and the other one recreation activities (n = 45) were selected.
All subjects were tested with the Tower of London, Tower of Hanoi,
Wisconsin Card Sorting and Stroop test to evaluate the cognitive
abilities, at the beginning of the experiment (t0) and at the end of the
experiment (t1, about 3 months later). Results showed that in the Tower
of London and Tower of Hanoi, zazen group displayed significant less
movements to solve the task, compared to Control. No differences
were found between both groups in solving the Wisconsin Card Sorting
test, but in the Stroop test zazen group was superior to Control in
making significant less mistakes during solving the task. Results are
compatible with a positive effect of zazen training in behavioural
abilities of attention and planning strategies in secondary students.

© The authors 2021. This article
is published with open access at
http://jnr.tsinghuajournals.com
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Introduction

Zazen is a traditional meditation technic that,
on psychosomatic terms, tends to improve the

health status in man, by especially modulating the
respiratory-cardiac interaction by low frequency
ventilation patterns [1, 2]. According to its
practitioners, zazen aims to disregard intrusive
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thoughts during the sitting posture, reducing
thinking, and the self-reference in time and space,
by controlling awareness [3]. Zazen practitioners
claim that a natural sense of well-being, spontaneous joy, calmness and self-fulfilling is achieved
[4]. These positive behavioural effects have called
the attention of the neuroscience community and
some efforts have been done to scrutinize the
brain physiological mechanisms supporting such
mental states [1, 5, 6]. During the zazen practice,
alpha and theta electroencephalogram (EEG)
electric activity was found modified in several
brain structures such as the frontal cortex,
somato-sensory cortex, anterior cingulate and
parahippocampal regions as measured by
electroencephalographic technics [7, 8]. Since the
meditation process is considered a special altered
state of consciousness related to attention and
awareness, it can be deduced that meditation
practice could favor tasks related to attention.
Some authors think that a sustained training of
zazen is necessary in order to get the beneficial
behavioural effects [9, 10]. However, studies in
short time meditation training, meditators showed
some changes in the white matter of the anterior
cingulate region as obtained by the diffusion
tensor imaging technic [11], suggesting that long
training in these practices was not strictly necessary
to get physiological changes in the brain giving
behavioural benefits. On the other hand, zazen
practice does not need a complex setup, a very
sophisticated environment, nor a specific dedicated
training to meditators. Thus, to beginners interested
to initiate in the discipline, zazen represents a
very advantageous technic.
Our laboratory was interested to analyze two
of the zazen main issues described so far, the
behavioural effects after its practice, and duration
of training in selected subjects. High school
students, independent of gender in the adolescent
stage of sexual maturation, with no prior
knowledge about any meditation technics were

considered a representative sample to test the
possible beneficial effects of zazen. Thus, the
objective of the present work was to evaluate
the possible behavioural effects induced by short
treatment of zazen by comparing two groups,
one with zazen training given by an expert, and
the other one with no special treatment.

2 Materials and methods
2.1

Subjects

90 healthy students of both sexes, aged 15–17
years old, taking 4th or 5th year of the secondary
national high school program, coming from one
public high school “Toribio de Luzuriaga”, and
one private high school “Del Niño Jesus”, Tunuyan,
Mendoza province, Argentina, were selected. All
students agreed to participate freely in the study.
The only information given to them in order to
keep neutrality avoiding unexpected biases in the
results was that they will be participating in a
general study of attention. Initially, the 90 students
were divided in two groups of 45 subjects each,
by simple random selection to form Group 1 (Nonmeditators, Control), and Group 2 (Meditators,
Zazen). However, during the execution of the
experiment, due to several reasons which not
related to the experimental procedures, some
students in Group 2 abandoned the study, and
the evaluation ended with 31 subjects.
2.2

Experimental design

Two independent groups (Control, and Zazen)
were subjected to two statistical comparisons:
Intra and Between groups. For each comparison,
two times were considered. At the beginning
of the experiment (t0) and at the end of the
experiment (t1, about 3 months later). In the
Intra groups comparison, the same group was
evaluated at the beginning and at the end of the
experiment (t1–t0). In the Between groups comJournal of Neurorestoratology
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parison, Group 1 and Group 2 were evaluated at
t0 and t1 (t1,0–t2,0; t1,1–t2,1). A simplified diagram is
shown in Fig. 1.
Zazen practice was performed twice a week,
with a duration about 1.5 h per session (3 h
per week). Thus, zazen treatment lasted about 3
months. Group 1 (Non-meditators, Control) had
sessions times identical to Group 2, only making
recreational activities not related to zazen practice
at free will.
2.3

Zazen training

Zazen training was performed in the morning
hours in the same scholar institution where
the students attended, taking advantage of
the established regular teaching-classes period
schedule. Zazen was instructed by a zazen master
following the traditional Rinzai modality [12].
Physical place for instruction, distant from other
facilities, so ambient noises did not distract the
meditators, was available and used for both
teaching institutions.
2.4

Behavioural cognitive tests

Physiological measures by combined technic
of EEG and LORETA software, showed that
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meditation involves prefrontal cortex, anterior
cingulate cortex, motor and somato-association
cortices, temporo-parietal junction, and right
para-hippocampal gyrus, suggesting a serious
compromise of attention, working memory and
detection of changes in the external environment
[3]. The behavioral tests selected in this work to
evaluate cognitive performance, have simplicity
in design, rapidness in execution, and devoid of
complicated apparatuses, all of them aiming to
frontal activity, memory and objects recognition.
2.4.1

The Tower of London is a mechanical disposition
of tree rods with unequal highness, supporting
spheres of different color each. Initially described
by Shallice [13], the task consisted in ordering
the position of the spheres from an initial set to
other one. Subjects had a maximum of 5 min to
complete the specified task, when it was considered
done whatever if it was really solved or not.
However, the test ended when the subject took
less than 5 min to correctly order the spheres.
Three variables were used to characterize the
performance of the test: (1) success of the task
(yes, not); (2) time activity to complete the task
(Counts/s in digital event counter); and (3) number
of movements during the run of the task.
2.4.2

Fig. 1 Simplified description of the experimental setup
used in the present work. As mentioned in the text, design
corresponds to evaluation the significant contrasts of
behavioural responses of two independent groups subjected
to different treatments at two different times. Abbreviations:
NM = Non meditators, ZM = Zazen meditators, t0 = initial
time of the study, tF = final time of the study (3 months
later). Additional details see text.

The Tower of London

The Tower of Hanoi

The Tower of Hanoi, different in design from the
Tower of London, has three identical bars where
in one of them a tower of rings of increasing
diameters (top to bottom) and different colors was
set. It was created by the French mathematician
Édouard Lucas in 1883 [14]. Since the number
of movements and the degree of difficulty to
solve the task depend on the number of rings
used (n), which can be calculated by 2n−1, in the
experimental conditions of the institutional class
room, and hour restrictions of the institution, time
available to solve the task per student cannot be
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too long. Thus, it was decided to use the test with
a difficulty of 3 rings only. Task was considered
over at 5 min, whether solved successfully or not.
Just in the same case with the Tower of London
test, session was over when the subject solved the
task at any time less than 5 min.
Variables used were: (1) success of the task (yes,
not); (2) time activity to complete the task; and (3)
number of movements during the run of the task.
2.4.3

The Wisconsin Card Sorting Test

An adaptation to the original test described by
Grant and Berg [15, 16] was used in the present
experimental conditions. A total of 15 cards of
different colors, number, and shapes were used.
After sorting cards, subject received simple
instructions to order the 15 deck cards, (“shape,
color, or number”), changing the consign after the
first task has been performed [17]. Each consign
has a resolution time up to 3 min. Therefore, each
subject had a total of 15 min to solve the complete
test.
Variables were: (1) time activity to complete the
task; and (2) success of the task.
2.4.4

movements during the execution of tests for each
group, the behavioural tests were performed at the
initial time (t0), and at the end of the experiments
(t1), using the Non-parametric test of Wilcoxon
(Intra groups comparison). To evaluate the performance at t0 and t1 between groups (Control and
Zazen), the non-parametric test of Mann-Whitney
was used (Between groups comparisons). A
difference between group contrasts with p < 0.05
was considered statistically significant.
Results are presented as the median ± standard
error [Figs. 2(A) and (B), Figs. 3(A) and (B), and
Figs. 4 and 5], and proportions [Figs. 2(C) and 3(C)].

The Stroop Test

A simplified short version of the original test
described by Stroop [18] was used in the present
experiments. Instead of using three tables, only the
incongruous ink color/color word table [19] was
presented to experimental subjects. Presentation
of color-words to subjects was performed by a
computer program at a rate about 1 word/2 s from
a sequence of 10 color-words. Scoring was 0 to 10
correct identifications.
All behavioural measures were video recorded,
identity of subjects remained anonymous, and
later evaluated by observers unware of treatments.
2.5

Statistical analysis

Fig. 2 Behavioural responses in the Tower of London test
of high school students after receiving zazen training (Zazen

To evaluate the influence of time, habituation to
the experimental setup, memory of the operational

group) or not (Control group). ** p < 0.01 compared to t0 of the
corresponding group. * p < 0.05 compared to t0 of Zazen group.
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Ethical considerations

All subjects were invited to participate in the
experiments. Authorizations from the high school
authorities were granted and the corresponding
informed consent from their parents, and the
informed assent of the participants were attained.

3
3.1

Results
The Tower of London

Scores obtained in the Tower of London Test at
time 0 (t0), and at time 1 (t1) in students with or
without 3-month zazen training is shown in Fig. 2.
At the beginning of the experiment, Control
and Zazen groups had the same time activity
to solve the test [Fig. 2(A)]. Three months later,
in the second and final evaluation, both groups
significantly diminished the time to solve the task
compared to the initial score [Fig. 2(A), intra-group
comparison]. The decrease in time observed
for the two groups was similar (between-groups
comparison).
Total number of movements used to finish the
test remain the same in Control Group at t0 and
t1 [Fig. 2(B), intra-group comparison). However,
Zazen Group, at time t1 showed a significant
decrease in the number of movements to finish
the test [p < 0.05; Fig. 2(B), intra- and between-groups
comparisons].
Percentage of success to solve the test was the
same for both groups at the two times measured
[Fig. 2(C)].
3.2

The Tower of Hanoi

Scores obtained in the Tower of Hanoi Test at t0,
and at t1 in students with or without 3-month
zazen training is shown in Fig. 3.
Both groups showed significant decreasing
scores in behavioural activity to solve the task at
time t1 compared with its respective t0 [p < 0.01;
Fig. 3(A), intra-group comparison]. Scores of

Fig. 3 Behavioural responses in the Tower of Hanoi test of
high school students after receiving zazen training (Zazen
group) or not (Control group). ** p < 0.01 compared to t0 of
the corresponding group. * p < 0.05 compared to t0 of the
Zazen group.

Control and Zazen groups at t0 and t1 were not
statistically different [Fig. 3(A), between-groups
comparison].
Total number of movements for Control group
did not change after the 3-month period at t1
[Fig. 3(B), intra-group comparison]. However,
the Zazen group showed a significant decreased
number of movements at t1 compared with its
initial activity at t0 [p < 0.05; Fig. 3(B), intra- and
between-comparison].
Number of success to finish the task remain
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similar in both groups with no significant differences at t1 [Fig. 3(C), intra- and between-groups].
3.3

The Wisconsin Card Sorting Test

Scores obtained in the Wisconsin Card Sorting
Test at t0 and t1 in students with or without 3month zazen training is shown in Fig. 4.
In the color consign, both groups showed
significant decreasing scores in the behavioural
activity to solve the task at time t1 compared with
its respective t0 [p < 0.01; Fig. 4(A), intra-group
comparisons]. However, scores of Control and

Zazen groups at t0 and t1 were not statistically
different [Fig. 4(A), between-groups comparisons].
In the shape consign, both groups showed
significant decreasing scores in the behavioural
activity to solve the task at time t1 compared with
its respective t0 [p < 0.01; Fig. 4(B), intra-group
comparisons]. As observed in the color consign,
scores of Control and Zazen groups at t0 and t1
were not statistically different [Fig. 4(B), betweengroups comparisons].
In the number consign, both groups showed
significant decreasing scores in the behavioural
activity to solve the task at time t1 compared with
its respective t0 [p < 0.01; Fig. 4(C), intra-group
comparisons]. Scores of Control and Zazen groups
at t0 and t1 were similar [Fig. 4(C), between-groups
comparisons].
3.4

The Stroop Test

The number of correct responses in the Stroop
Test at t0 and t1 in students with or without 3month zazen training is shown in Fig. 5.
Control group showed the same number of
correct responses at t1 as at t0 (Fig. 5, intra-group
comparison). However, Zazen group showed
a significant increase in the number of correct
responses at t1 compared to t0 (p < 0.05; Fig. 5,
intra-group comparison). This increased score at

Fig. 4 Behavioural responses in the Wisconsin Card Sorting
test of high school students after receiving zazen training

Fig. 5 Correct responses in the Stroop Test of high school

(Zazen group) or not (Control group). ** p < 0.01 compared

students after receiving zazen training (Zazen group) or not

to t0 of the corresponding group.

(Control group). * p < 0.05 compared to t0 of Zazen group.
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t1 was also statistically different from the corresponding score of control (p < 0.01; between-groups
comparison, Fig. 5).

4 Discussion
Meditation in physiological terms is an ancient
practice aimed to reach a special state of mental
function allowing to control attention and reducing
distractions [8, 20, 21]. Neuroscientific research has
shown that selected brain structures are activated
during meditation [3, 8, 10, 22, 23]. Although,
according to some meditation technics, some
variations in the activation of neuronal circuits
have been observed, the anterior cingulate cortex,
right insula, left inferior temporal gyrus, thalamus
and hippocampus seem to predominate [11, 22,
24]. Considering the characteristic behavioural
responses produced during meditation, it has been
found also that they are associated to selected
changes in neuronal electrical activity of the brain
[20, 23, 25]. Even more, some authors have found
that the activation of neuronal regions induced
by meditation technics is associated to an increased
cortical thickness suggesting a neuronal adaptive
response typical of neuroplasticity [22, 26–28].
About considerable theoretical value is to remark
that most regions activated by meditation were
in the right hemisphere which is known to be
involved in attention processes [29]. From this
perspective, present evidence will be discussed
regarding how zazen meditation technic can
originate results compatible with what it is known
about the neurophysiological brain processes set
in motion by the experimental treatment.
The cognitive tests used in the present work
are well known in classic cognitive evaluation of
brain performance [13, 17–19, 30–34]. Processes
such as attention, working memory, recognition
of objects and planning strategies to particular
situations are covered by these tests. It was
assumed that if zazen is able to influence the
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neural activity of these cognitive processes, it
should be expected that modifications of the
corresponding behavioural responses should be
detected.
As shown in Fig. 2(A), zazen does not influence
the prefrontal cortex activity at time t1 during the
execution of the task of the Tower of London. Both
groups significantly improved time of resolution
when they were confronted by second time to the
task. This result suggests that working memory,
familiarization with conditions and characteristics
of the task were enough to improve performance
[Fig. 2(A)]. However, the number of movements
to reach the goal was a behaviour significantly
affected by zazen practice [Fig. 2(B)], suggesting
that the mental capacity to planning, reducing the
number of trials to reach the final objective was
improved by zazen meditation. Resolution of the
task was not affected by zazen treatment, since
both groups had a similar percentage of success
[Fig. 2(C)]. The significant effect found with zazen
was in planning which is in agreement with
studies using functional magnetic resonance
imaging showing increases in oxygen activity of
the right insula during conceptual processing [35],
and EEG activity in anterior cingulate region,
frontal circuits and parahippocampal zone in
zazen practitioners [8].
In the Tower of Hanoi, which is a little more
complex task, a similar result was found (Fig. 3).
Zazen appears not to influence timing to resolve
the task in the second opportunity at time t1 nor
affect the percentage of success to complete the
task [Fig. 3(A) and (C)]. Just likewise as the Tower
of London test, zazen treatment did decrease
significantly the number of movements at time t1
[Fig. 3(B)], supporting the idea that organization
and improving the working strategy was
selectively affected by zazen.
In the Wisconsin Card Sorting Test (Fig. 4) no
evidence was found that zazen could affect the
executive function of the meditation group, since
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their performance was similar to controls in all
consigns of color, shape or numbers (Fig. 4). This
finding was surprising, since the type of task in
this test involves working memory, distinction
of figures, and sorting strategies according to
determined consigns, cognitive functions that also
are needed to solve the problem of the Tower of
London and the Tower of Hanoi.
It is known that the mid-dorsolateral prefrontal
cortex activity is involved in healthy subjects
resolving the Wisconsin Card Sorting Test [28],
but present results suggest that zazen apparently
does not affect these neural circuits. Possibility
that the test was not sensitive enough to detect
differences between meditators and no-meditators,
seems not very likely. As shown in Figs. 2–4, tests
were able to detect improvement in performance
intra- and between-groups, indicating that tests
were sensitive enough to differentiate contrast
in the experimental groups. Nevertheless, this
evidence might suggest that zazen could
selectively affect some brain neural circuits in
zazen practitioners.
In the Stroop test, significant improvement in
performance was found in zazen group (Fig. 5).
The capacity of inhibiting cognitive interference
when certain specific stimulus impedes the
simultaneous processing of another [36], was
selectively modified by zazen. Since one important
effect produced by this meditation practice is on
attention and awareness [10], it is natural to expect
that in a situation where interference is present,
zazen meditators should handle it more easily
than other not skilled in these technics. It can be
deduced that zazen independently of the healthy
internal wellbeing claimed by zazen practitioners,
it can provide helpful predispositions to confront
cognitive challenges in scholar activities.

5

Final remarks

Present results show that short treatment of
zazen meditation technic to high school students

is able to modify several behaviours related to
prefrontal behavioural activity, suggesting a
positive effect on scholar activity. Research on
similar meditation technics and applied in short
periods of time, also induced significant changes
on other physiological variables. For instance,
in patients suffering inflammatory diseases and
trained with meditation technics inflammation
and stress were reduced [37]. Furthermore, in
undergraduate students, white matter changes in
the anterior cingulate region were detected after
treatment of similar meditation practices [11].
More impacting perhaps it has been the observation that healthy individuals with no previous
experience on Pranic meditation, phagocyte
functions and hormonal levels were modified after
3 months of Pranic training [38].
The utility of zazen practice to strengthen
academic performance in students of secondary
teaching seems to be a prospective approach to
adopt in high school students. It is evident that
further research regarding this point should be
necessary, and findings obtained in the present
work can provide just only the first steps to
enlighten this issue.
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